Introduction {#sec1}
============

Melanoma is a malignant tumour with an extremely aggressive character which is expressed in early metastases and resistance to applied treatment \[[@cit0001]\]. It is interesting to observe that this fact is determined by the cancer aetiology itself. Pigment cells (melanocytes) subjected to neoplastic formation originate from neural crest cells (NCCs) that during embryonic development colonise mainly areas of the skin, including the eye, and some other tissues in the body, but to a lesser extent. Therefore, melanoma cells show such properties as phenotypic plasticity or high migration potential \[[@cit0002]--[@cit0005]\].

Cancer cell heterogeneity with regard to a phenotype and functions can be observed for many types of cancer and it contributes to resistance \[[@cit0006], [@cit0007]\]. Heterogeneity of melanoma cells may be a result of genetic, epigenetic and environmental changes inside a tumour as well as of the presence of cancer stem cells (CSCs) that gather in vascular niches allowing for cancer progression \[[@cit0007]\]. Interactions between cancer and the microenvironment are critical for melanoma invasion and metastases. Growth factors participating in such relations include vascular endothelial growth factor (VEGF) \[[@cit0008]\] that may stimulate cancer growth apart from its proangiogenic effects. VEGF is synthesised by many types of cells in the environment with an insufficient amount of oxygen \[[@cit0009]\]. It has been discovered that the majority of melanoma cancer cells has VEGF receptors on their surface and via autocrine or paracrine mechanisms signalling pathways are triggered causing increase in tumour proliferation and resistance to treatment \[[@cit0010], [@cit0011]\].

The paper presents mechanisms of interactions between melanoma and microenvironment with special attention placed on the ability of VEGF to modify sensitivity to therapeutic factors. It is fundamental to understand roles of VEGF in the development of this disease in an appropriate way in order to design innovative and effective anticancer agents with significantly improved outcomes of clinical trials.

Tumour microenvironment and resistance to treatment {#sec2}
===================================================

Recently, treatment of cancer, including melanoma, has been revolutionised thanks to targeted treatment and immunotherapy. However, the efficacy of these approaches is limited by progressive resistance to medications \[[@cit0012], [@cit0013]\]. A number of various mechanisms cause resistance to anticancer treatment. In case of melanoma, primary (innate) resistance depending on the biology of cancer cells before the start of treatment and acquired (secondary) resistance, which appears during therapy, are both possible \[[@cit0014], [@cit0015]\]. Mechanisms of primary resistance in melanoma include, among others, mutations in the *RAC1* or *PTEN* genes and mechanisms of acquired resistance are associated with *BRAF* or *NRAS* mutations \[[@cit0014]\]. Numerous studies indicate that tumour microenvironment (TME) plays a critical role in disease progression \[[@cit0016]\]. Cancer cells strictly collaborate with tumour microenvironment cells, namely stromal cells, and as a result, conditions that favour tumour development are created \[[@cit0017]\]. Melanoma stromal cells include, among others, fibroblasts, endothelial cells and immune cells \[[@cit0018]\]. They stimulate rapid growth of cancer, metastasis formation and resistance to treatment because they trigger processes associated with extracellular matrix remodelling, cell migration, invasion, angiogenesis and inhibition of immune responses (immunosuppression) as they produce cytokines, chemokines and growth factors \[[@cit0017]\].

A vascular niche is a special region in the tumour microenvironment as it is the place where cancer stem cells with resistance to the majority of applied therapies are gathered. These cells show the potential for indefinite self-renewal and asymmetric division that contributes to increased differentiation of daughter cells (including progenitor cells and differentiated cancer cells) \[[@cit0019]\]. Interestingly, thanks to phenotypic plasticity of the melanoma cell population, depending on the genotype and microenvironment, they may become undifferentiated and return to the pool of cancer stem cells \[[@cit0020]\]. A vascular niche is a separate region of a tumour where CSCs, showing phenotypic plasticity mentioned above, are protected from the immune system and at the same time increase cancer metastatic potential \[[@cit0019]\]. Moreover, a vascular niche was initially understood as a place that does not cause hypoxia thanks to a relationship between CSCs and endothelial cells. Whereas CSCs are characterised by their resistance to hypoxia \[[@cit0021], [@cit0022]\] and therefore they have the potential for phenotypic transformation \[[@cit0023]\].

VEGF and its receptors on cancer cells {#sec3}
======================================

Vascular endothelial growth factor was identified and isolated as a mitogen that is specific to endothelial cells and its role is to control processes associated with proliferation of blood and lymphatic vessels and with permeability of their walls \[[@cit0024]--[@cit0026]\]. VEGF is currently known as VEGF-A and belongs to a family of growth factors that also includes VEGF-B, VEGF-C, VEGF-D and placental growth factor (PlGF). Members of this family show various expression depending on the cell type, affinity to receptors and biological functions. VEGF (namely VEGF-A) is the most interesting one and has several different variants resulting from alternative splicing of the VEGF gene (VEGF121, VEGF145, VEGF148, VEGF165, VEGF183, VEGF189 and VEGF206) \[[@cit0027], [@cit0028]\]. Studies have shown that isoforms predominant in melanoma include VEGF165 and VEGF121 \[[@cit0029]\].

It has been demonstrated that numerous types of cells can release VEGF and therefore functions of this growth factor are extended \[[@cit0030]\]. One of the most interesting discoveries is related to VEGF signalling in melanoma cancer cells as it indicates there are specific receptors on their surface that are mediators in this signalling. Melanoma cells express receptors for VEGF with the activity of tyrosine kinase: VEGFRs (vascular endothelial growth factor receptors) and neuropilin: NRPs (neuropilins) \[[@cit0008],[@cit0028]\]. Classic VEGFRs include VEGFR-1 (FLT1), VEGFR-2 (FLK1/KDR) and VEGFR-3 (FLT4) \[[@cit0031]\]. VEGF receptors consist of three domains: extracellular domain responsible for ligand binding, transmembrane domain and intracellular domain with tyrosine kinase and a C-terminal fragment, namely autophosphorylation site \[[@cit0032]\]. It should be mentioned that VEGF shows affinity to VEGFR-1 and VEGFR-2 \[[@cit0027]\]. However, it is VEGFR-2 that is a predominant receptor related to tyrosine kinase (RTK) used to trigger VEGF signalling in cells \[[@cit0031]\]. On the other hand, VEGFR-3 binds to VEGF-C and VEGF-D, and in consequence it regulates lymphangiogenesis \[[@cit0027], [@cit0032]\]. Moreover, soluble VEGFR-1 shows extremely high affinity to VEGF and it may play a role of its natural antagonist \[[@cit0033]\]. Although these receptors were initially thought to be active only in endothelial cells, now it is known that the majority of them is expressed in numerous types of cancer cells \[[@cit0028]\]. The majority of melanoma cells show a high expression of VEGFR-1, VEGFR-2 and VEGFR-3, which correlates with cancer clinical features \[[@cit0011], [@cit0034], [@cit0035]\]. Cancer cells that do not express one or more VEGFRs are supported by neuropilins. Neuropilin-1 (NRP-1) and neuropilin-2 (NRP-2) belong to transmembrane proteins and their amino acid sequences are homologous in 44% \[[@cit0036], [@cit0037]\]. They consist of an extracellular segment, transmembrane segment and a short cytoplasmic segment which does not exhibit any tyrosine kinase activity \[[@cit0038]\]. Neuropilins are co-receptors that enhance a response to growth factors and other mediators in physiological and pathological conditions. They, among others, form complexes with VEGFRs and increase their affinity to proteins from the VEGF family \[[@cit0036], [@cit0037]\]. NRP-1 found in melanoma cells acts together with VEGF and VEGFR-2 \[[@cit0039]\], whereas NRP-2 binds to VEGF-C and supports the activity of VEGFR-3 in cancer development \[[@cit0040], [@cit0041]\]. Furthermore, NRP-1 plays a role in the survival and self-renewal of melanoma stem cells \[[@cit0042]\].

Functions of VEGF in melanoma tumour {#sec4}
====================================

Vascular endothelial growth factor secreted by melanoma cells and stromal cells (including endothelial cells, macrophages and fibroblasts) has numerous functions in the tumour microenvironment. They are connected with the aforementioned capacity to interact with VEGFRs and NRPs leading to the activation of numerous signalling pathways in tumour cells that are responsible for cancer progression, metastasis formation and resistance to therapy \[[@cit0008], [@cit0043]--[@cit0045]\].

VEGF is first of all a proangiogenic factor playing a key role in the angiogenesis process \[[@cit0046]\]. The most potent stimulus contributing to cancer angiogenesis includes hypoxia as it leads to the activation of hypoxia-inducible factor 1 (HIF-1). HIF-1 consists of the HIF-1a subunit -- sensitive to the oxygen levels, and HIF-1b subunit that is subject to constitutive expression. It is worth mentioning that there are mechanisms independent of hypoxia, which lead to stabilisation of HIF-1a in melanoma and in consequence increase the possibility of VEGF synthesis \[[@cit0047]\]. Such proangiogenic activators include BRAFV600E mutation, phosphoinositide 3-kinase (PI3K), endotelin-1, microphthalmia-associated transcription factor (MITF) and nuclear factor kB (NF-kB), NRAS mutation with GAB2 protein or reactive oxygen species (ROS) \[[@cit0047]\]. Studies show that autocrine VEGF signalling in melanoma cells via VEGF specific receptors enables growth, survival, migration and invasion of cancer cells \[[@cit0008], [@cit0028]\]. Additionally, VEGF plays a role in promoting CSCs as it regulates the vascular niche and innate properties of cancer stem cells \[[@cit0042]\], thus creating favourable conditions for phenotypic plasticity and epithelial-mesenchymal transition (EMT) \[[@cit0048]\] ([Figure 1](#f0001){ref-type="fig"}).

![Multiple roles of VEGF in melanoma progression](PDIA-37-93378-g001){#f0001}

Moreover, this factor may participate in the formation of melanoma vasculogenic mimicry, which is responsible for a malignant phenotype of this cancer and the patient's poor prognosis \[[@cit0049]\]. Interestingly, cancer cells able to generate vasculogenic mimicry are associated with CSCs and EMT \[[@cit0049]--[@cit0051]\]. VEGF also plays a key role in the suppression of immune responses targeted against melanoma \[[@cit0052]\] and activation of anti-apoptotic proteins \[[@cit0008]\]. The aforementioned VEGF functions are of great significance in mechanisms of resistance of melanoma to administered medications.

Mechanisms of melanoma resistance {#sec5}
=================================

Understanding of molecular pathways responsible for resistance makes it possible to anticipate a probable cancer response to applied treatment and to better prepare for such a response. Melanoma resistance is caused by mechanisms that are triggered inside cancer cells as well as changes inside stem cells and tumour microenvironment (stromal cells/microenvironment stroma). These mechanisms may act independently or together and via various signalling pathways. Such differences are a result of differences among tumours and therefore it is necessary to adopt an individual approach to treatment \[[@cit0053], [@cit0054]\].

Below are presented mechanisms of melanoma resistance, taking into account examples of the effect of proangiogenic VEGF on particular mechanisms.

ABC transporters as protein efflux pumps for drugs {#sec6}
==================================================

ATP binding transporters (binding cassette transporters; ABC) are multi-domain transmembrane proteins that use energy from ATP hydrolysis to pump substances through the cell membrane \[[@cit0055], [@cit0056]\]. Basic structural elements of the ABC protein are as follows: nucleotide binding domains (NBDs) and transmembrane domains (TMDs). TMDs are responsible for specificity of transported substrates and NBDs for ATP binding and hydrolysis \[[@cit0057]\]. A phenomenon of resistance to anticancer agents is considered to be the main function of ABC transporters in progression of oncological diseases. These proteins inhibit effective therapy as they remove medications from cancer cells. ABC melanoma proteins that have been identified include: ABCA9, ABCB1, ABCB5, ABCB8, ABCC2, ABCD1 and ABCG2 \[[@cit0057], [@cit0058]\].

Akiyama *et al.* described this mechanism of resistance using the ABCB1 protein (i.e. glycoprotein P) encoded by the *MDR1* gene (multidrug resistance gene 1) and cooperation between melanoma cells and stromal cells. The study showed that tumour endothelial cells (TECs) acquire chemoresistance to paclitaxel by increasing expression of MDR1 due to the activity of VEGF from cancer cells \[[@cit0059]\].

Another ABC transporter playing a vital role in malignant skin cancer progression is ABCB5 that is used to identify melanoma stem cells (MSCs). MSCs, called also malignant melanoma-initiating cells (MMICs), belong to the aforementioned subpopulation of malignant cells that are capable of self-renewal and as a consequence lead to cancer development \[[@cit0060], [@cit0061]\]. Recent studies show that ABCB5 is not only a MSC marker. It plays an essential role in relations between maintenance of MMICs, drug resistance and melanoma tumour growth \[[@cit0061]\]. Chartrain *et al.* confirmed that melanoma cells with ABCB5 expression were resistant to numerous chemotherapeutic agents that are currently used \[[@cit0062]\]. On the other hand, Wilson *et al.* proved that ABCB5 (+) melanoma stem cells drive secretion of IL-1b to trigger the IL-1b/L8/CXCR1 pathway that stimulates ABCB5 (--) melanoma cells and contributes to resistance \[[@cit0061]\]. Studies conducted by Frank *et al.* showed that ABCB5 (+) MSCs possess VEGFR1 (vascular endothelial growth factor receptor-1) activity that controls vasculogenic mimicry and produces a direct effect on melanoma drug resistance \[[@cit0063]\].

Survival and proliferation pathways {#sec7}
===================================

Another strategy of cancer cells used to inhibit the efficacy of treatment is enhanced expression of pathways involved in cancer proliferation and survival. With regard to melanoma RAS-RAF-MEK-ERK (MAPK, mitogen-activated protein kinase) and PI3K-AKT signalling pathways can be differentiated, which in addition can interact with each other \[[@cit0064], [@cit0065]\]. They are activated, among others, by NRAS, BRAF mutations as well as by loss of PTEN properties (PI3K kinase phosphatase) and stimulation of growth factors including VEGF. This mechanism of resistance leads to increased tumour growth, survival, angiogenesis and metastasis formation \[[@cit0066], [@cit0067]\]. Using three dimensional melanoma cultures as early as in 2006 it was demonstrated that both signalling pathways (MAPK; PI3K-AKT) must be suppressed in order to inhibit cell proliferation \[[@cit0068]\]. Studies by Shannan *et al.* conducted on the 3D melanoma model confirmed that increase in potential of PI3K inhibitors was possible when combined with treatment suppressing the BRAF mutation \[[@cit0069]\].

One of more interesting discoveries associated with VEGF includes its ability for paracrine, autocrine and intracrine regulation associated with cancer cells and resulting in control of the above-mentioned pathways \[[@cit0010], [@cit0028], [@cit0070], [@cit0071]\].

Melanoma VEGF is mainly produced in cancer cells \[[@cit0008], [@cit0010]\] and it acts paracrinely on VEGFRs and NRPs of endothelial cancer cells, among others, leading to angiogenesis and permeability of the blood vessels. Another function of this factor includes autocrine stimulation of tumour growth that consists in VEGF binding to VEGFRs and NRPs of cancer cells \[[@cit0010]\]. Moreover, melanoma cells without receptors to bind VEGF promote their survival via intracellular intracrine mechanisms where ligand release from the cell is not necessary \[[@cit0010], [@cit0070]\].

Adamcic *et al.* demonstrated that primary and metastatic melanoma cells may trigger the VEGF/VEGFR2 signalling pathway via autocrine and intracrine mechanisms favouring tumour development through stimulation of MAPK and PI3K pathways \[[@cit0010]\]. On the other hand, Beck *et al.* using a murine skin cancer model showed the effects of the VEGF/VEGFR2 pathway in cancer endothelial cells on the development of vascular niches in cancer stem cells (CSCs) and cancer growth via autocrine effects of VEGF on NRP1 CSCs \[[@cit0042]\]. Additionally, Ruffini *et al.* found that VEGF worked with NRP1 and VEGFR2 to promote migration and invasion of melanoma cells \[[@cit0039]\]. Moreover, NRP1 expression is associated with increased invasiveness of melanoma cells, even in case of lack of VEGFR2 expression thanks to further activation of pathways with AKT \[[@cit0039], [@cit0072]\]. These signalling pathways in melanoma lead to resistance to treatment, especially with BRAF inhibitors. Recent research on the resistance of melanoma to vemurafenib demonstrates that VEGF belongs to key oncogenic factors involved in a pathological mechanism associated with the BRAF (V600E) mutation in cancer cells \[[@cit0073]\].

Anti-apoptotic pathways {#sec8}
=======================

Apoptosis plays a vital role in the maintenance of appropriate development and homeostasis of body tissues \[[@cit0074]\]. A characteristic of cancer cells is defectiveness of this process, which is determined by resistance to apoptotic signals. Pathologic conditions associated with avoiding death by melanoma cells are a result of adaptation to the microenvironment and applied treatment \[[@cit0075]\].

Cell apoptosis is controlled by numerous signalling pathways and the most important ones are: external (via receptors) and internal (via mitochondria) \[[@cit0076], [@cit0077]\]. The external pathway is triggered by binding appropriate ligands (TNF-α, CD95L/FasL or TRAIL) to death receptors. Resulting complexes activate caspases leading to rapid cell death. On the other hand, the internal pathway may be activated due to stressed-out endoplasmic reticulum, DNA defects, hypoxia or metabolic stress. Death signals lead to activation of pro-apoptotic proteins belonging to the Bcl-2 family, resulting in increased permeability of the mitochondrial membrane. As a result, the cytochrome c is released into the cytoplasm which in a complex with Apaf-1 activates caspases and also contributes to cell death \[[@cit0078]--[@cit0080]\]. Proteins from the Bcl-2 family mentioned above play a significant role in control of mitochondrial apoptosis. They include anti-apoptotic proteins counteracting apoptosis (i.e. Bcl-2, Bcl-XL, Bcl-w, Mcl-1) and pro-apoptotic proteins (e.g. Bid, Bak, Bad, Bax, Noxa) \[[@cit0081]\].

High activity of MAPK and PI3K pathways specific to melanoma contributes to imbalance between proapoptotic and anti-apoptotic proteins causing increased levels of the following anti-apoptotic proteins: Bcl-2, Mcl-1, Bcl-XL and livin, survivin and XIAP belonging to inhibitors of apoptosis (IAPs) \[[@cit0075], [@cit0077]\]. VEGF is also involved in these abnormal processes and it leads not only to angiogenesis but also to the inhibition of apoptosis in tumours \[[@cit0008]\]. Iervolino *et al.* were the first ones to confirm, using an example of melanoma cells, that overexpression of Bcl-2 and hypoxia worked synergistically in order to modulate VEGF via the effects on mRNA-VEGF stabilisation and HIF-1 activity \[[@cit0082]\]. Bcl-2 may regulate the expression of HIF-1 and VEGF indirectly via stimulation of PI3K and MAPK signalling pathways \[[@cit0083]\] or directly by forming a triple complex with the HIF-1a subunit and HSP90 chaperone protein \[[@cit0084]\]. Moreover, it has been confirmed that in endothelial cells Bcl-XL can stimulate VEGF when it is activated by EGF (epidermal growth factor). This factor is secreted outside the cell and via an autocrine mechanism it binds to VEGFR2 causing expression of Bcl-2. This mechanism results in increased tumour survival and development \[[@cit0085], [@cit0086]\]. Studies conducted by Zeitlin *et al.* also demonstrated mechanisms linking VEGF and Bcl-2 that concerned endothelial cells and cancer cells, and a mutual correlation between them \[[@cit0087], [@cit0088]\].

Yan *et al.* identified VEGF as a regulator of livin expression in melanoma cells. The inhibition of the VEGF/mTOR/livin pathway may be an additional strategy to inhibit viability of melanoma cancer cells \[[@cit0089]\]. Survivin is another protein from the IAP family which interacts with VEGF. Cancer cells show an increased expression of survivin that stimulates synthesis/release of VEGF via mechanisms in a manner that is dependent on b-catenin. After release, VEGF may affect endothelial cells and increase angiogenesis. Alternatively, in melanoma tumours this mechanism may lead to promotion of vasculogenic mimicry \[[@cit0090]\].

Immunosuppressive cytokines and resistance to treatment {#sec9}
=======================================================

Immunosuppression is one of mechanisms involved in resistance to therapy in the tumour microenvironment \[[@cit0091]\]. The most recognised and characterised cancer immunosuppressive cytokines include: interleukin-10 (IL-10), transforming growth factor b (TGF-b) and vascular endothelial growth factor (VEGF) \[[@cit0092], [@cit0093]\]. Important mechanisms where IL-10, TGF-b and VEGF counteract development of a cancer immune response include induction of accumulation of immature myeloid-derived suppressor cells (MDSCs) and regulatory T-cells as well as inhibition of migration of T-cells into a tumour \[[@cit0092], [@cit0094]\].

Research proves that the PTEN mutation in melanoma cells increases expression of immunosuppressive factors, especially VEGF, leading to reduced infiltration of T-cells in a tumour and thereby worse outcomes of treatment with PD-1 inhibitors \[[@cit0095]\]. Immunosuppressive agents that inhibit the PD-1 receptor or PD-L1 ligand act to inhibit inactivation of T-cells. As a result, a stronger immune response against cancer cells is activated \[[@cit0096]\]. In a murine melanoma model Shrimali *et al.* demonstrated that VEGF inhibition causes growth of T-cells in a tumour \[[@cit0097]\].

Moreover, VEGF overexpression in a melanoma tumour leads to dysfunction of dendritic cells associated with their immaturity to play a key role in the regulation of the immune system. As a result, cancer escapes from an immune response and the tumour grows \[[@cit0098]\].

Research by Agostino *et al.* demonstrated there is a correlation between VEGF expression in the serum and growth of regulatory T-cells in the peripheral blood in melanoma patients \[[@cit0099]\].

On the other hand, many studies confirm that melanoma cells with the BRAF(V600E) mutation show an increased expression of VEGF, an immunosuppressive mediator, which results in recruitment of inflammatory cells (MDSC; regulatory T-cells) mentioned earlier. Moreover, it has been demonstrated that in such conditions melanoma cells (BRAFV600E) may reduce maturity of dendritic cells and inhibit their ability to produce IL-12 and TNF-α \[[@cit0100]\].

Interestingly, macrophages, namely inflammatory cells that reside inside a tumour, have mainly a progressive effect on the development of cancer tissue and as a result, it is not possible to trigger an immune response targeted against cancer \[[@cit0101]\]. Furthermore, studies by Wang *et al.* proved that BRAF inhibitors used in melanoma activated the MAPK pathway in macrophages to produce VEGF. Release of this cytokine leads to proliferation of immunologically inactive macrophages as well as triggering of VEGF/VEGFRs pathways in melanoma cells resulting in resistance and tumour growth \[[@cit0044]\].

Mechanisms presented above prove that combined treatment is necessary to achieve therapeutic success as only such combination therapy can effectively counteract resistance.

Combined treatment as a strategy to improve therapeutic outcomes {#sec10}
================================================================

The use of targeted treatment is a real breakthrough in the treatment of oncological patients. Unfortunately, success of targeted treatment is often suppressed by developing resistance. Understanding mechanisms of melanoma resistance is a necessary strategy in order to improve efficacy and to prolong effects of modern anticancer therapies \[[@cit0013], [@cit0102]\]. Improvement of diagnostic methods is also a real challenge -- they should not only consider genetic differences between tumours in various patients, but also genetic and phenotypic heterogeneity in the same patient and within one tumour as well. Furthermore, recent studies show that in early tumour growth, the endothelial cell population in melanoma includes endovascular progenitors (EVPs) initiating a vasculogenic process, for which anti-VEGF therapy was not sufficient \[[@cit0103]\]. This finding confirms the importance of understanding endothelial heterogeneity, which opens up new possibilities for more effective anti-vascular therapies in cancer.

There are ongoing studies on combined treatment that would successfully eliminate all types of cancer cells found in a heterogeneous tumour resulting in the elimination of primary resistance and preventing development of secondary resistance. The table below demonstrates various configurations of combination therapies against melanoma in clinical trials that contain anti-angiogenic drug (bevacizumab) directly inhibiting the activity of VEGF ([Table 1](#t0001){ref-type="table"}) \[[@cit0104], [@cit0105]\]. It is worth citing the AVAST-M trial, which involved the use of Avastin (also known as Bevacizumab) in the treatment of patients at high risk of melanoma recurrence. In the study, adjuvant bevacizumab significantly improved the disease-free interval, but did not improve overall survival. The results also confirmed the hypothesis that combining bevacizumab with adjuvant immune checkpoint inhibitors is beneficial for melanoma patients with the high-risk *BRAF* mutation \[[@cit0106]\].

###### 

Currently conducted clinical trials in melanoma using an antiangiogenic agent that inhibits VEGF activity \[[@cit0105]\]

  ID number     Investigated drugs
  ------------- --------------------------------------
  NCT01879306   Bevacizumab, paclitaxel, ipilimumab
  NCT02158520   Bevacizumab, paclitaxel, ipilimumab
  NCT00790010   Bevacizumab, ipilimumab
  NCT01950390   Bevacizumab, ipilimumab
  NCT01984242   Bevacizumab, atezolizumab, sunitinib
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